Background: Oculucardiac Reflex (OCR) is the most common side effect during the strabismus surgeries. OCR is defined as a trigemino-vagal reflex, which may cause bradycardia, arrhythmias, and cardiac arrest after manipulating orbital structures.
Introduction
STRABISMUS , or squint, is any misalignment of the visual axis. As a result the retinal image is not in corresponding areas of both eyes, which may result in diplopia in adult patients and can lead to amblyopia in childhood. Its the most common cause of pediatric ophthalmic surgery [1] . The orbital structures include six Extra Ocular Muscles (EOMs) which manipulated during strabismus surgery. Manipulation of the orbital structures can elicit the Oculocardiac Reflex (OCR) [2] .
In general, OCR is defined as a decrease in Heart Rate (HR) more than 20% from baseline after pressing the globe or occurrence of any type of dysrhythmia after manipulating orbital structures [3] . The afferent limb of reflex is from ciliary nerve to ciliary ganglion to ophthalmic division of the trigeminal nerve to the trigeminal sensory nucleus near the fourth ventricle. The efferent limb is by the vagus nerve to the heart [4] . OCR mostly cause sinus bradycardia but atrioventricular block, ventricular ectopy, ventricular fibrillation, or even asystole may occur so OCR may be fatal in pediatric patients [5] . OCR was exacerbated by orbital injection, hypercapnia, hypoxia, and inappropriate anesthetic depth [6] .
Atropine increases firing of the Sinoatrial Node (SAN) and conduction through the Atrioventricular Node (AVN) of the heart, opposes the actions of the vagus nerve, blocks acetylcholine receptor sites [7] . 311 312
Comparative Study between Atropine & Ketamine for Prevention of OCR
Ketamine an anaesthetic with both intrinsic analgesic and amnestic properties and protects airway reflexes. Ketamine activity has been suggested to be a result of the NMDA receptor antagonist property [8] .
Ketamine also causes the sympatho-neuronal release of norepinephrine. It inhibits the efferent cardiac vagal drive by its central action, not baroreflex function. This central vagolysis is probably the cause of its positive chronotropic effects [9] .
Aim and objectives:
The aim of the study is to compare the effect of atropine versus ketamie for prevention of OCR in children undergoing strabismus surgery.
Material and Methods
This prospective randomized single blind study was carried out in Tanta University Hospitals in Ophthalmic Department from September 2015 to February 2016, after obtaining the Research Ethics Committee Approval (approval code: (30522/09/ 15), an informed written consent was taken from patient guardians, the was carried out on 111 children of both sex, 2-12 years old, ASA I and II, scheduled for elective strabismus surgery of two extraocular muscles or more were enrolled into the present study. All the operation were done by the same surgeon. Refusal of patient guardians, history of cardiovascular disease, atropine fever or vasovagal response and history of traumatic eye injury were excluded from the study.
Patients were randomized into three equal groups by using sealed opaque envelop (37 patients in each group) according to the drugs used for induction of anesthesia: Group C: Control Group (CG): Patient received 1mg/kg propofol, 1mic/kg fentanyl and 0.15mg/kg cis-atracurium. Group A: Atropine Group (AG): Patient received 0.1mg/kg atropine, 1mg/kg propofol, 1mic/kg fentanyl and 0.15mg/kg cis-atracurium. Group K: Ketamine Group (KG): 1 mg/kg ketamine, 1mic/kg fentanyl and 0.15mg/kg cis-atracurium.
Pre-operative assessment was done by: History taking, clinical examination, laboratory investigations including: CBC, prothrombin time activity, liver and renal functions and electrolytes. Patients fasted according to ASA guidelines. On the arrival to O.R., the patients were attached to the monitor displaying the following: (Lead II ECG, pulse oximetry, NIBP and EtCO 2). An Intravenous (I.V) line was inserted by 22G cannula. Anesthesia has been induced with fentanyl 1 µ g/Kg for all groups, propofol 1mg/Kg for atropine and control groups, and ketamine 1mg/kg for ketamine group, atropine 0.01mg/kg for atropine group only, and cisatracurium 0.15mg/Kg for all groups. A tracheal tube with suitable size has been placed orally three minutes after cis-atracurium administration, and anesthesia has been maintained with isoflurane 1-2% in oxygen, 0.03mg/kg cis-atracurium increments, an infusion of 3-5ml/kg ringer lactate solution has been administered as maintenance fluid. Intermittent Positive Pressure Ventilation (IPPV) with tidal volume 6ml/kg and respiratory rate has been set to preserve SpO 2 and ETCO 2 within normal limits. By the end of surgery, inhalational anesthetic agents were discontinued, muscle relaxant was reversed using neostigmine 0.04mg/kg and atropine 0.02mg/kg IV, patients were extubated after regaining muscle power and protective reflexes and development of sufficient spontaneous ventilation. The patients were transferred to post anesthesia care unitand remained there until transferred to the surgery ward. All patient were premedicated with intravenous 0.1mg/kg ondanosteron as an antiemetic 10min prior to the end of surgery.
Measurements: Demographic data (age, weight and sex). Heart rate, mean arterial blood pressure and were recorded at baseline before induction of anesthesia, 20sec before traction of EOMs, during traction of EOMs, 20sec after releasing traction of EOMs and at end of surgery (immediately before extubation). During the traction of Extraocular Muscle (EOM), the lowest Heart Rate (HR) was recorded and if it was below basal HR by >10% beats/min, the anesthetist asked the surgeon to discontinue traction of Extraocular Muscle (EOM). If OCR was not recovered within 20 seconds by releasing tension on the muscle, atropine 0.02mg/kg was injected intravenously, incidence of oculocardiac reflex; OCR defined as >10% decrease in heart rate from base-line values obtained immediately after extraocular muscle manipulation, the incidence of OCR was recorded, severity of OCR was graded as mild if HR decreased by less than 20% of the baseline, and moderate if it decreased 20-30% of the baseline and severe if it decreased more than 30% of the baseline. Length of stay in Post Anesthesia Care Unit (PACU) was recorded by the Modified Aldrete Scoring System (Table  1) , Post-operative agitation was evaluated immediately after tracheal extubation using behavior score [11] (1=sleeping, 2=awake and calm, 3= irritable and crying, 4=inconsolable crying, 5= severe restlessness and disorientation purposelessly wanting to get out of the bed) and Post-Operative Nausea and Vomiting (PONV) was evaluated for 24 hours post-operatively via Numeric Rank Score (NRS) (0=no nausea, 1=nausea, 2=vomiting once and 3=vomiting twice or more times) [12] . The sample size is calculated as N >33 with 10% variation based on the following considerations: 95% confidence limit, 80% power of the study.
Statistical presentation and analysis was conductedby SPSS V.24. Results were expressed as means ± Standard Deviation (SD). Student paired t-test: For statistical analysis within the same group. Unpaired t-test: Used for comparison of parametric data (age, weight, HR, MAP and length of stay in PACU) between the three studied groups. Modified chi-square test for small numbers: For comparison between three groups as regards qualitative data (sex, incidence & severity of OCR, post-operative agitation and post-operative nausea & vomiting). ANOVA test was used for comparison among different times in the same group in quantitative data. p-value <0.05 was considered significant.
Results
There was no statistical significant difference between the three groups as regards to demographic data (age, sex and weight) and MAP at different time of operation (Table 2 ) & Fig. (2) .
HR values showed statistical significant decrease in control group in comparison with ketamine & atropine groups, only during traction of EOMs Fig. (1) .
Only two patient who need I.V atropine to abolish resistant bradycardia in control group without significant difference with atropine & ketamine groups.
Incidence and severity of OCR showed significant decrease (p<0.05) in ketamine group in comparison with Atropine & control groups (Table 3 ).
There was statistically significant decrease in the post-operative agitation using behavior score in group K in comparison with group A & group C ( Table 3) .
Length of stay in PACU and incidence of PONV showed significant increase in the ketamine group in comparison with atropine & control groups (Tables 2,3 ). 
Discussion
Strabismus surgery is performed to restore binocular single vision and for cosmetic reasons (extensively in childhood). There are some undesired effects of the surgery such as Oculocardiac Reflex (OCR) postoperative anxiety, agitation and Post-operative Nausea and Vomiting (PONV). These effects are the most frequent complications secondary to surgery and causes distress in patients recovering from general anesthesia [13] .
As regards to the intraoperative hemodynamics the control group (group C) showed significant decrease in the Heart Rate (HR) following immediate traction of EOMs in comparison to the other two groups, which might be explained by the reduction of myocardial blood flow and myocardial oxygen consumption caused by propofol. In agreement with our study: Mizrak et al., [14] who studied the effect of intravenous infusion of Ketamine (K) and propofol (P) anaesthesia in children undergoing strabismus surgery, they found that both heart rate and mean arterial blood pressure; in group P were significantly lower than in group K during intubation, incision, traction of extraocular muscles, extubation, and after extubation periods. Also, Safavi et al., [15] who compared the effects of thiopental, propofol or ketamine on the cardiovascular responses of the oculocardiac reflex during strabismus surgery and concluded that induction of anesthesia with ketamine is associated with the least cardiovascular changes induced by OCR Neumeric rank score during strabismus surgery in comparison with propofol and thiopental sodium.
As regards to mean arterial blood preassure, (MAP) was statistically insignificant between the three studied group in different time of operation. In agreement with our study, Mahajan et al., [16] . Who studied the effect of ketamine and fentanyl in comparison with propofol in total intravenous anesthesia for short surgical procedures and concluded that both ketamine and fentanyl are equally safe and efficacious with propofol for short surgical procedures with no significant changes inMAP between the studied groups.
As regards to the Oculocardiac Reflex (OCR), the results showed that the incidence of OCR in group K was statistically lower in comparison with group A & C (p-value <0.05) which might be attributed to the central sympathomimetic adrenergic effect of ketamine. In agreement with our results, Mizrak et al., [14] . The incidence of OCR during strabismus surgery among 60 children divided in two groups where ketamine is compared with propofol, they concluded that the incidence of OCR in group K was significantly lower compared to group P. Also, Choi et al., [17] . Who compared the induction by ketamine versus propofol induction and found that incidence of OCR was significantly decreased in the ketamine group. Moreover, Lee S.J. et al., [18] . Who studied the effect of single bolus of intravenous ketamine for anesthetic induction on oculocardiac reflex in children undergoing strabismus surgery and concluded that a single bolus of i.v. ketamine 1-2mg/kg for anaesthetic induction results in a lower incidence of OCR than propofol when combined with sevoflurane for maintenance in children undergoing strabismus surgery.
In contrast with our results, Liu Y. et al., [19] . Who investigated the advantages and disadvantages of sevoflurane-Nitrous oxide (N20) inhalation anesthesia and propofol-ketamine TIVA in children undergoing strabismus surgery. They found that, the incidence of OCR was significantly lower in the volatile group than those in the TIVA group. This might be explained by the cardio-depressant effect of propofol added to ketamine compared to N 2 O with its tendency to stimulate the sympathetic nervous system by increasing endogenous catecholamine levels.
As regards to the length of stay in PACU evaluated by using modified aldrete score and showed statistically longer recovery time in ketamine group compared to atropine & control groups (p-value <0.001), this is most probably related to ketamine metabolism to an active metabolite norketamine with an elimination half-life of 2-3 hours. In agreement with our study, Jia-Yao Chen et al., [20] . Who compared the effects of dexmedetomidine, ketamine, and placebo on emergence agitation after strabismus surgery in children andconcluded that the time for resumption of mental orientation and time to discharge from PACU were longer in the dexmedetomidine and ketamine groups than in the placebo group. Similarly, Pierre et al., [21] . Who investigated recovery from anaesthesia and incidence and intensity of post-operative nausea and vomiting following TIVA with Ketaminepropofol (KP) compared to Alfentanil-Propofol (AP), they concluded that a TIVA with KP did not reduce PONV when compared to AP, but prolonged recovery.
As regard the behavior score (agitation), the ketamine group showed a significant decrease in in the behavior score in comparison to the other groups. In agreement with our study, Jia-Yao Chen et al., [20] . Who compared the effects of dexmedetomidine, ketamine, and placebo on emergence agitation after strabismus surgery in children and concluded that ketamine appear to prevent postoperative agitation and pain after sevoflurane anesthesia for pediatric strabismus surgery. This results were concomitant with the study done by Mizrak et al., [14] who compared the use of ketamine infusion versus propofol infusion for strabismus surgery in children and concluded that more sedation and less agitation in the ketamine group. This results also supported by the study done by Kawaraguchi et al., [22] who reported that an administration of ketamine 1mg/kg after the induction of anesthesia and an instillation of ketamine 1 mg/kg/hr during operation in a pediatric strabismus surgery succeeded in decreasing emergence agitation.
As regards to the Post-Operative Nausea and Vomiting (PONV), results demonstrated that, the incidence of PONV for patients in ketamine group was statistically higher in comparison with atropine & control groups (p-value <0.004). In agreement with our study, Thorp et al., [23] . Who reported that intravenous doses of ketamine-associated vomiting are not related to either the initial loading dose or the total dose but, the modest increase in receiving high cumulative doses. Also, Kranke et al., [24] . Who compared the post-operative nausea and vomiting by using isoflurane, enoflurane, sevoflurane and propofol infusion in strabismus operation and found that the incidence of PONV was significantly decreased in the propofol group in comparison to all other inhalational agents. Moreover, Altan A, et al., [25] . Who studied the effect of diazepam and atropine before strabismus surgery to prevent postoperative nausea and vomiting and concluded that diazepam and atropine sulfate premedication decreases nausea and vomiting after strabismus surgery.
Conclusions:
In pediatric patients undergoing strabismus surgery, induction of anesthesia with 1mg/kg ketamine showed significant decrease in incidence of OCR owing to its hemodynamic stability in comparison with atropine and control groups which showed decreased incidence of PONV.
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